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Freedom from global anomalies in the presence of a local SU(2)H horizontal symmetry under
which right handed charged leptons transform nontrivially requires that there be at least two right
handed neutrinos with masses of order of the horizontal symmetry breaking scale. If a third right
handed neutrino is introduced to satisfy quark lepton symmetry, it is unprotected by the horizontal
symmetry, becomes superheavy with a Planck scale mass and decouples from lower energy physics.
The resulting seesaw mechanism with two right handed neutrinos in combination with the horizontal
symmetry leads naturally to a near bimaximal pattern for the neutrino mixing with an inverted mass
hierarchy and is compatible with all data. It predicts a correlation between the solar mixing angle
and Ue3, that can be testable in the proposed long baseline experiments.
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I. INTRODUCTION
It is well known that the standard model predicts mass-
less neutrinos due to the presence of an exact global
B−L symmetry. Since it is generally believed that global
symmetries ought are broken by nonperturbative Planck
scale eects, nonvanishing neutrino masses [1] of magni-




’ 10−5 eV can arise within the stan-
dard model framework from gravitational eects. Neu-
trino masses of such magnitudes are however much too
small to account for observed neutrino oscillations. In
fact atmospheric neutrino data requires that there must
at least be one neutrino with considerably larger mass
(of order 0.05 eV), implying that whatever particle is
responsible for breaking the B−L symmetry of the stan-
dard model must be at a much lower scale ( 10−4MP`).
In the context of the seesaw model for understanding
the small neutrino masses [2] where heavy right handed
neutrinos are responsible for small neutrino masses, at-
mospheric neutrino data imply that typical right handed
neutrino masses should be around  10−4MP`. Thus the
right handed neutrino masses must be protected by ad-
ditional symmetries. In the SO(10) or left-right models
which provide the conventional venues for implementing
the seesaw mechanism, the relevant symmetry is the lo-
cal B − L symmetry. Requiring that an extension of the
standard model respect the B−L symmetry implies that
there must three right handed neutrinos (νeR, νµR, ντR)
to cancel the gauge anomalies. The νR’s are expected
to have masses much lower than the Planck scale and of
order of the B − L symmetry breaking scale.
In this note we explore an alternative approach to keep-
ing the right handed neutrinos lighter than the Planck
scale. Instead of the local B − L symmetry (or per-
haps in addition to it) we propose that there be a local
SU(2)H horizontal symmetry at the seesaw scale under
which the right handed charged leptons transform non-
trivially. There are then two possibilities which are of
interest for our considerations: (i) SU(2)H acts on both
right handed quarks and leptons or (ii) it acts only on
leptons. Freedom from global Witten anomaly in both
cases requires that there must be two right handed neu-
trinos that trasform as a doublet of SU(2)H . The local
SU(2)H symmetry then implies that the masses of those
two right handed neutrinos are protected and must be at
the scale of SU(2)H breaking. If there is a the third right
handed neutrino for reasons of quark lepton symmetry,
then it will acquire a mass of order of the Planck or string
scale and decouple from neutrino physics at lower ener-
gies. This therefore provides a physically distinct way of
implementing the seesaw mechanism. This approach has
the interesting property that it can lead to the near bi-
maximal mixing pattern in a more natural manner than
the B−L seesaw approach. The SU(2)H symmetry plays
a crucial role in generating the near bimaximal pattern.
The neutrino masses have an inverted pattern. This mix-
ing pattern seems to be favored by the detailed analyses
of present solar and atmospheric neutrino data [3].
The fact that dominance of two right handed neutrinos
in a seesaw model under certain circumstances can lead to
bimaximal mixing needs was noted in a dierent context
in [4]. SU(2)H horizontal symmetry not only provides a
rational for this hypothesis but also naturally leads to a
near bimaximal mixing.
In addition to the sign of the m2A being opposite to
the case of normal hierarchy for neutrinos, there are two
testable predictions for this class of models.
(i) There is a correlation between the value of Ue3 and
the solar mixing angle sin22θ as in a class of softly bro-
ken Le−Lµ−Lτ models [5] i.e. a lower sin22θ requires
a higher Ue3. This correlation is testable in future long
baseline experiments such as NUMI Oaxis proposal [6]
or proposed JHF facilities.
(ii) The eective neutrino mass mββ that can be mea-
sured in neutrinoless double beta decay experiments is
related to the atmospheric mass dierence squared m2A
1
and Ue3 i.e. mββ ’ 2Ue3 
√
2m2A.
II. THE SU(2)H MODEL
Horizontal symmetries have often been invoked to un-
derstand family replication and flavor structure of the
quarks in extensions of the standard models. They can
either be U(1)H , SU(2)H or SU(3)H type. We will con-
sider SU(2)H type models [7], which seem to have inter-
esting consequences for neutrino mixings.
Gauge anomaly constraints can be satised in four dis-
tinct ways for an SU(3)cSU(2)LU(1)Y SU(2)H 
GSTDSU(2)H model with only the known fermions: (i)
only left handed fermions of the standard model trans-
form as SU(2)H doublets; (ii) only quarks (both left
and right handed) transform as the SU(2)H doublets;
(iii) only right handed fermions (both quarks and lep-
tons) transform as SU(2)H doublets and (iv) only lep-
tons transform as doublets. In cases (iii) and (iv), free-
dom from global SU(2)H Witten anomaly implies that
there must be at least two right handed neutrinos (we
will call them (νeR, νµ,R)), transforming as a doublet of
SU(2)H . We show below that this model leads naturally
to the near bimaximal pattern for neutrino mixings.
We will focus in this paper on the possibility that only
leptons transform under SU(2)H and quarks are singlets.
This is the minimal model with an SU(2)H . Our consid-
erations can be extended to the other case with small
modications.
We give below in Table I the assignment of fermions
and Higgs bosons under the gauge groupGSTDSU(2)H
Table I
Particles GSTD  SU(2)H
Quantum numbers
Ψ  (ψe, ψµ) (1,2,-1,2)
ψτ (1,2,-1,1)
ER  (eR, µR) (1,1,-2, 2)
τR (1,1,-2, 1)















Table caption: Representation content of the vari-
ous elds in the model under the gauge group GSTD 
SU(2)H .
Here ψe,µ,τ denote the left handed lepton doublets.
We arrange the Higgs potential in such a way that the
SU(2)H symmetry is broken by < χ1 >= vH1;< χ2 =
vH2 and < H,3 >= v0H , where vH , v
0
H  vwk. Note
that we have used the SU(2)H symmetry to align the
H vev along the IH,3 direction. At the weak scale, all
the neutral components of the elds  and φ0 acquire
nonzro vev’s and break the standard model symmetry
down to SU(3)c  U(1)em. We denote these vev’s as
follows: < φ00 >= κ0; < φ
0
1 >= κ1 and < φ
0
2 >= κ2.
Clearly κ’s have values in few to 100 GeV range. As
we discuss later, we expect a hierarchy between the two
vevs κ1 and κ2, which is important in our discussion of
neutrino mixings.
Note that < H > 6= 0 breaks the SU(2)H group down
to the U(1)Le−Lµ group which is further broken down by
the χH vev. Since the renormalizable Yukawa interac-
tions do not involve the χH eld, this symmetry (Le−Lµ0
is also reflected in the lepton mass matrices. Soft break-
ings of this symmetry in lepton masses appear through
the < χH > eect in the Higgs potential, as we will see
below.
To study the pattern of neutrino masses and mixings,
let us rst note that a bare mass for the ντ,R eld is al-
lowed at the tree level unconstrained by any symmetries.
This mass can therefore be arbitrarily large and ντ,R will
decouple from the low energy spectrum. We will work
in this limit of decoupled ντR and write down the gauge
invariant Yukawa couplings involving the remaining lep-
tonic elds.
LY = h1 ψτNR + h0 Ψφ0NR (1)
−ifNTRτ2τ ∆HNR




h03 ψτφ0τR + h.c.
Since < 0H >= v
0
H leaves the symmtry Le − Lµ unbro-
ken, this symmetry is reflected in the νeR − νµR mass
matrix. The χH vev contributes to this mass matrix
only through nonrenormalizable operators and its con-
tributions are therefore negligible. Similarly there will
also be some small contributions from the ντR sector if
we did not decouple it completely. We ignore these small
contributions in our analysis. As we will see below, this
feature of the right handed neutrino sector is crucial to
the light neutrino mass matrix that leads in the zeroth
order to bimaximal mixing. To see this, let us write down




0 0 0 h0κ0 0
0 0 0 0 h0κ0
0 0 0 h1κ1 h1κ2
h0κ0 0 h1κ1 0 fv0H
0 h0κ0 h1κ2 fv0H 0

 (2)
After seesaw diagonalization, it leads to the light neu-
trino mass matrix of the form:




 h0κ0 00 h0κ0
h1κ1 h1κ2








The resulting light Majorana neutrino mass matrix Mν
is given by:









To get the physical neutrino mixings, we also need the



















Note that both the neutrino and the charged lepton mass
matrices, have exact (Le−Lµ−Lτ) symmetry in the limit
of κ1 = 0. We also see that the charged lepton spectrum
can be tted without any problem despite the horizontal
symmetry. For instance, we can assume that me ’ h02κ0;
mτ ’ h03κ0 and mµ ’ (h01κ2)2/h03κ0. All these relations
involve arbitrary Yukawa couplings and therefore do not
pose any problem in obtaining a realistic charged lepton
spectrum.
The invariance of the lepton mass matrices under Le−
Lµ − Lτ symmetry in the limit of κ1 = 0 and κ2 6= 0
is an important issue since it leads to a neutrino mixing
pattern which is very close to what is apparently observed
in neutrino oscillation experiments and as such has been
widely considered in the context of gauge models [8,5].
To generate solar neutrino oscillation, a small κ1  κ2
needs to be turned on. We show in the next section that
the hierarchy κ1/κ2  1 arises in a natural manner in our
model due to the presence of a discrete Z2 symmetry in
combination with the horizontal symmetry. This makes
the neutrino mixing pattern with softly broken Le−Lµ−
Lτ a natural consequence of our model.
III. NATURALNESS OF SOFTLY BROKEN
LE − Lµ − Lτ SYMMETRY
To demonstrate that a softly broken Le − Lµ − Lτ for
leptons arises in a natural manner in our model, we have
to show that κ1  κ2 is natural and does not receive
innite radiative corrections. For this purpose, we write
the Higgs potential of the theory as a sum of two parts
V (, φ0,H , χH) = V0 + µ0Tr(τ ∆Hy) (6)
+φy0(µ
0χH + ~µ0 ~χH) +M2Try
+µ00χyHτ ∆HχH + h.c.
where V0 contains the standard φyφ type terms involving
all the Higgs elds as well terms that are not relevant to
the discussion of the κ1/κ2 and ~χH is dened as τ2χH .
Note that in the limit when the parameter µ0, ~µ0 = 0,
the theory has Z2 symmetry under which only χH eld
changes sign and all other elds remain unchanged. The
µ0 and ~µ0 break this symmetry softly and can therefore be
chosen to be small compared to µ0. We do not include in
the potential the term φy0HχH term which forbidden
by Z2 symmetry which could have broken the Z2 sym-
metry in a \hard" way. It is then easy to show that all
radiative corrections to µ0 and ~µ0 are proportional to µ0
and ~µ0. The eects of µ0 and ~µ0 are similar; so henceforth
we will only refer to µ0.
Let us now show that κ1 owes its origin to µ0. For this
purpose, we need to discuss the breaking of the horizontal
symmetry in some more detail.
We choose the mass terms for the H and χH elds to
have negative sign so that at the minimum of the poten-
tial they acquire vevs v0H and vH respectively, breaking
the SU(2)H symmetry down to U(1)Le−Lµ and subse-
quently no horizontal symmetry. Turning to their eect
on the vevs of the standard model doublets (φ1,2 in 
(   (φ1, φ2)), we see that for M2  0, <  >= 0
in the absence of horizontal symmetry breaking. Once
horizontal symmetry breaking by H is turned on i.e.
v0H 6= 0, for µ0 = 0, the µ0 term gives contributions to
the masses of the two standard model doublets in  with
opposite sign so that one has m2φ1 = M
2 +µov0H whereas
m2φ2 = M
2 − µ0v0H . We can choose µ0v0H such that m2φ2
becomes negative and of order of the electroweak scale
leading to κ2 6= 0; but at the same time since m2φ1  0, it
keeps κ1 = 0. It is clear from examination of the Higgs
potential that κ1 remains zero as long as µ0 = 0 (i.e. in
the limit of exact Z2 symmetry). This is also preserved
by radiative corrections due to the presence of the dis-
crete symmetry, Z2.
Once µ0 6= 0, the φy0χH term in Eq. (9) induces a
nonzero vev for the electrically neutral member of the
doublet φ1 giving κ1 ’ µ0vHκ0/2M2. Since µ0 is a soft
symmetry breaking parameter, we can choose it appro-
priately small to obtain κ1  κ2. Thus the presence of
the horizontal symmetry is crucial to obtaining the de-
sired pattern for the neutrino mass matrix in our model.
As noted there are two horizontal symmetry breaking
scales v0H and vH in this model. The rst vev v
0
H corre-
sponds to the seesaw scale and is therefore determined by
the neutrino masses. For instance, if we choose the Dirac
masses of the neutrinos to be  GeV, we get v0H ’ 1011
GeV. In general this scale is likely to be anywhere be-
tween 1015 GeV to 109 GeV for Dirac masses between
0.1 GeV to 100 GeV. On the other hand the χH vev vH
in principle can be much lower. The χH vev gives mass to
the horizontal gauge boson corresponding to the diago-
nal generator of SU(2)H , which couples to both electrons
and muons. To t present neutral current observations
involving the electrons and muons, one must have χH vev
at least a few TeV. However to generate κ1 ’ κ2/10 (see
the rational for this choice in the next section), we must
have vH  v0H .
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IV. SOLAR NEUTRINO MIXING ANGLE AND
UE3 CONNECTION
We now turn to the discussion of neutrino mixings in
our model. In the exact (Le − Lµ − Lτ ) limit i.e. when





















This mixing pattern is quite close to the observed val-
ues. Further more, it corresponds to the inverted mass
hierarchy where the solar pair of neutrinos are heavier.
However, since the two heavy eigenstates are exactly de-
generate, it leads to no solar neutrino oscillation (since
m2 = 0).
Once the small breakings of this symmetry present in
the theory (i.e. κ1 6= 0) are turned on, two things hap-
pen. First we get a nonzero m2. Secondly, the neutrino
mixing pattern changes from exact maximal for solar os-
cillation to near bimaximal.
We nd that to t the central value of m2 required














. The lightest neutrino in our model
has zero mass.
Before discussing the eect of κ1 6= 0 on the mixing
pattern, we review some previous results. In the presence
of Le−Lµ−Lτ breaking terms, the mixing matrix of Eq.
(10) gets corrected. The precise values of the mixing
parameters depend on which of the elements of of Mν
are turned on. For instance, [9] if only M23 is turned
on as is the case in the Zee model, it leads to a nonzero
m2 but also a relation between m2 and sin22θ as
follows:






This predicts sin22θ  0.99 which is disfavored by the
SNO neutral current results [10] in combination with
other solar neutrino data [11]. It has however been shown








+    (9)
In the above equation,  represent higher order contribu-
tions in the small Le−Lµ−Lτ breaking parameters. This
relation is interesting since it connects the deviation from
maximality of solar mixing angle to the neutrinoless dou-
ble beta decay which measures M11. Given the present
limits on ββ0ν decay [12] (or the present indications for
it), the above equation implies that sin22θ  0.9. If
however experiments require that sin22θ  0.9 (as for
instance the central value of present ts seem to suggest),
one will need a \decent" contribution from the charged
lepton sector [5].
Interestingly, in our case, when we turn on κ1 6= 0, in
addition to the fact, we generate a nonzero m2, there
is a contribution from the charged lepton sector to the
physical neutrino mixing matrix. To quantify this, let
us dene an angle tanα = κ1κ2 . The limit α = 0 cor-
responds to the exact Le − Lµ − Lτ symmetry as men-
tioned before. The charged lepton sector can be diago-
nalized by orthogonal matrices V `12(α)V
`
23(β) where Vij
is dened as the rotation matrix in the (i, j) sector of
the charged lepton generation space. We have already





The nal neutrino mixing matrix will then have the form:
(V `12(α)V `23(β))yUν where Uν diagonalizes the Majorana
mass matrix of the neutrinos and is given above. Multi-
plying by the charged lepton contribution, the nal phys-





















Here we have ignored small deviations to the Uν ma-
trix that comes from κ1 dependent terms in Mν in Eq.
(7). We see that the eective solar neutrino mixing an-
gle becomes less than its maximal value in the presence
of the charged lepton mixing parameter α. We also
note that α induces an Ue3 ’ αp2 . Present upper lim-
its from CHOOZ-PALO-VERDE [13] experiments imply
that Ue3  0.16, which translates to a limit on α  0.2.
Using this, we get sin22θ ’ 0.9 or lower. We also note
that the higher the Ue3, the lower the sin22θ.
In this model, there are also radiative corrections from
low scale charged lepton contribution [5], which could
lower the solar mixing angle slightly over and above that
already discussed. It has recently been suggested [14]
that in some seesaw models there may also be high scale
contributions due to dierent masses of the right handed
neutrinos, that could eect the solar mixing angle. In our
model the presence of the horizontal symmetry precludes
such corrections.
Another prediction of this model is a value for the neu-
trino mass measured in neutrinoless double beta decay
and we nd mββ ’ 2
√
2m2AUe3. The maximum value
for mββ is therefore ’ 0.007 eV. This can be probed in
proposed double beta experiments such as GENIUS [15].
V. CONCLUSIONS AND OUTLOOK
In summary, we have shown that if seesaw mechanism
is to be responsible for the bimaximal mixing pattern for
neutrino mixings, then a simple way to derive it from
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an extension of the standard model is to postulate the
existence of a local SU(2)H horizontal symmetry under
which right handed leptons transform nontrivially. First
this guarantees the existence of two right handed neutri-
nos, whose masses are at the scale of horizontal symme-
try breaking. Second, this minimal model via the seesaw
mechanism leads to a near bimaximal mixing pattern for
the solar and atmospheric neutrinos as a consequence of
the horizontal symmetry. Moreover, it predicts a direct
correlation between the mixing parameter Ue3 and the
solar mixing angle sin22θ as well as a negative sign for
m2A which can tested in proposed long baseline experi-
ments experiments.
This model could easily be incorporated into models
with local B−L symmetry or the complete left-right sym-
metry, in which case there will be relations between the
Yukawa couplings involving the right handed neutrinos
and right handed charged leptons since for the left-right
symmetric case, `R and νR are part of the same right
handed isospin multiplet. One would then need the hor-
izontal symmetry scale to be much lower than the B−L
symmetry scale.
The model can also be supersymmetrized in a straight-
forward manner by promoting all the elds to superelds
and duplicating the Higgs elds. Below the horizontal
symmetry breaking scale, one then has the MSSM and
the model preserves coupling constant unication. All
features of the neutrino sector remain unchanged.
As we remarked in the beginning of the paper, one
could also work with a horizontal symmetry that operates
on the right handed components of both quarks and lep-
tons, in which case global anomaly freedom would again
require the presence of two right handed neutrinos as in
the case discussed in the text. We expect our results for
the neutrino mixings to remain unaltered whereas the
Higgs sector may need to be extended to t the quark
mixing angles. We do not pursue this alternative here.
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